source is steam with a pressure of 1.5 MPa, temperature of 198 ο C, and fl ow mass of 2.27 × 10 3 kg/h. The system has four evaporation chambers. The multistage fl ash distillation system is designed with four stages with different evaporation temperatures for each chamber.
PROCESS OF MSF SYSTEM
The multistage fl ash process has vapor formation within the liquid bulk, rather than on the surfaces of hot tubes. The hot brine or wastewater is allowed to fl ow freely and fl ash in a series of chambers. The vapor is cooled by preheated wastewater and collected by a liquid trap in this wastewater treatment system (Rizzuti et al., 2007) . The multistage fl ash process has a signifi cant advantage of preventing salt scaling where the salt is not easy to scale both outside and inside the surfaces of heating tubes, than other thermal evaporation systems. The working fl uid is not limited to seawater or brine, which can be wastewater or mixture solutions of organic solvents, etc. Also, there is no need for pretreatment of the working fl uid in a multistage fl ash system, which is different system desalination methods. Consequently, the multistage fl ash system has been used in desalination, water supply for thermal power plant or boiler, and also wastewater treatment for the working fl uid with high salt density, or mixed with solids (Morbidelli et al., 2000; Rebagliati, 2005) .
In this paper, the multistage fl ash system is used to process wastewater that is generated by a power plant. The multistage fl ash system is mainly composed of chamber, demister and condenser tubes, Fig. 1 . In the system designed, the wastewater is pumped into the chambers and fl ashed at saturation temperatures. The steam is generated and passes through the demister into the condenser part. The steam is condensed by the condenser tube into cooling water and is collected in a liquid trap. The concentrated wastewater fl ows to the next chamber by gravity to continue fl ashing. The system is designed into four stages and the wastewater fl ashes from top to bottom. When the concentration ratio meets the requirement, the wastewater will be discharged and the cooling water will be collected.
MATHEMATICAL MODEL
In order to predict the process of wastewater treatment by multistage fl ash distillation, a numerical model is created based on the mass conservation and heat energy conservation equations.
The assumptions of the system are:
• there is no scale occurring in the heat transfer process and • there is no heat loss on the surface of evaporation chambers and tubes.
Using the principle of mass conservation and heat energy conservation, the main equations can be written as follows: is the heat energy of wastewater, and out j Q is the heat energy of the cooling water discharged from the chamber. Note, i and j are chamber numbers.
Actually, the wastewater can fl ash only a small part of total mass at the saturation temperature in each chamber, and the mass of steam evaporated at the saturation temperature can be calculated by the fl ashing rate. The fl ashing rate for each stage is determined by the enthalpy change correlating with the inlet, outlet, and saturation temperatures at a constant pressure, which can be calculated as out in out out
Here, in l h is the enthalpy of the top liquid, out l h is the enthalpy of the outlet liquid, and out g h is the enthalpy of generated steam at the saturation temperature. When the material type, pressure, and concentration of the wastewater are constant, the enthalpy can be illustrated by the temperature. In this thermodynamic system, the wastewater will be concentrated after the fi rst cycle and mixed with fresh wastewater, then the mixture fl ashes again through the series of chambers. As above, the system will approach the required concentration ratio. So the concentration ratio is dependent on both the stage number and fl ashing rate of the corresponding stage. The concentration ratio K can be written as
Here, n is the number of circulations of the MSF system working before the system achieves stability. The total fl ashing rate is X, which is the product of the fl ashing rates for each stage. The equation of total fl ashing rate can be written as follows:
where i is the number of the chamber for the MSF system designed to meet the requirements of the whole system. The mass of steam evaporated from the wastewater is calculated as
where Q s is the mass fl ow rate of steam and Q w is the mass fl ow rate of wastewater.
RESULTS AND DISCUSSION
Normally, the concentration ratio is used to achieve the requirement, or to reduce the cost of wastewater treatment. In this case, the wastewater treatment system is designed to be a 4-stage fl ash system to recycle fresh water used as the boiler feed. System designs with 4 stages of different working conditions are compared as described in what follows. In Eqs. (4) and (5), the concentration ratio is dependent on the fl ash rate and the fl ash rate can be calculated by the enthalpy of the inlet and outlet temperatures of the working liquid. In other words, the fl ash rate depends on the temperature difference between the inlet and outlet temperatures.
According to the law of thermodynamics, the concentration ratio increases with the temperature difference. But when the temperature climbs to the crystallization point of wastewater of seawater, the scaling becomes a serious problem for the whole system (Khraisheh, 2016) . Therefore, the temperature difference cannot increase without limit and the top temperature is normally over 80 o C for wastewater with a high density of sodium nitrate. Also, due to the thermal effi ciency the temperature difference is usually designed to be 10 o C in the multistage fl ash systems (Al-Hinai, 2008 Figure 2 shows the nuances of concentration ratio with different inlet temperatures and Fig. 3 shows the less effect of cycle time on the concentration ratio. Normally, the wastewater must cycle many times in the four chambers to concentrate into design requirement. So, different temperature differences have been carried out and the results are listed in Fig. 4 . Figure 4 shows that the temperature difference has a signifi cant infl uence when the cycle times of the wastewater increase. It will take fewer cycle times to reach the required concentration ratio with a higher temperature difference. It means that it will take fewer cycle times to reach the required concentration ratio with a higher temperature difference.
CONCLUSIONS
The main points of this paper are that the concentration ratio depends on the temperature difference rather than on the top temperature. Also, the temperature difference has a signifi cant infl uence on the concentration ratio when the cycle time increases in a designed system.
According to the results, a thermodynamic system is designed to meet the wastewater treatment requirements of a power plant. The distillation system is designed to concentrate the wastewater with a high density of sodium nitrate (54.0 g/L) into 216.0 g/L. In this case, the 4-stage fl ash distillation system has been designed. The evaporation temperatures for each fl ash stage are 79 o C, 69 o C, 59
o C, and 49 o C, respectively. Furthermore, the performance and main structure parameters are calculated.
